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SPECIFICATION 

MCTIIOD rOR MAKtN6 * CARBON NANOTUBE BASED FIELD 
CMI"2IOM DI5PI AY METHOD FOR MAKING FIELD EMISSION 
DISPLAY 

RACKGRQI IMP OF THE INVENTION 
\ , Field of the Invention 

{0001 1 The preoonfr invention mlatoo to a method for- moiling a field 
emission display device, and moro particularly to a method for making a 
carbon nanotubo field emissi o n display device The present invention 
relates to a method for making a field emission display, and particularly to 
a method for making a carbon nanotube based field emission display. 

2. Descripti on of Prior Art 

[0002] Carbon nanotuboa are a novol carbonaceous material discovered 
by lijima, a r e searcher of NEC corporat i on, in 1991. Rolovoiit information 
woa roportod in an article by lijima, entitled "Helical Microtubules of 
Graphitio Carbon" (Nature, Vol.351, P56, 199 1). Carbon nanotub e s em 
transmit an extremely high electrical current and emit olcotrono oaoily at a 
very low voltage of looo than 100 volts, which molco it a very promising 
potential material for field omiosion opplicationa. Carbon nanpfopes are 
very small tube-shaped structures having the composition of a graphite 
sheet rolled into a tube. Carbon nan otubes produced by arc discharge 
between araphite rods were first discov ered and reported in an article by 
Sumio liiima entitled "Helical Microtubules of Graphitic C arbon" (Nature, 
Vol. 354. Nov- 7. 1991. pp. 56-58). C arbon nanotubes have electrical 
conductance related to their structure, are che mically stable, and can have 
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^r y small diam ^ (less than 100 nanometers) and large aspect ratios 
(ipn prh/diameter ) Du& to these and other properties, it has been 
su ggested that ^rhon nan o mhes can olav an important role in field 
emission d^plav devices. 

ro0 03] ReWng to FIG 13, U.S P o t Tl u - 6 ,232,7 0f. , tavw te d by 
llonrjic D a i ct nl , feeleses b ^'H emtsstefl device using, aligned parallel 
bu n dle: of t r ait nn naeefafees mrtnnriing from pattern e d oatalyst layors 
130 deposite d on a lay n r of poroua silicon 120 which io formed on -a 
wbotrat o 110 ***g a ohemicol vapor deposition (CVD) process. The 
aMbon nonotub t a produced by the CVD process have a variety of hoi S ht 9 
in a v-ridc range se thn* battdtes nf rn rb o n nanotubos each forms a top 
winch m a) b e f lat, rnnrn vp. or in difforam pattern oineo the grown hoightjs 
neither prodictablc nor conuollabte. Furthe r more, a thin layer io form e d on 
rim - top of the bundle which includes n n notubes with a variety of Qiaos, a 
number of remaining oatalyst particles and amorphous carbon. Thos p 
de fec t: usually result in amfefmity ™ri unreliability of tho field omission 
frem the bunuV. nf nnrHn — "* Pat Nf > 6-339.281 discloses a 

method for making a triode-structure c arhon nanotuhe based field emission 
display. The method comprises the steps of: 

m forming « cathode electrode, a gate in sulation laver and a gate electrode 
in seouen ^ a nn a glass substrate; 

(2 ) formi np; a pate opening in th e pate electrode; 

(3) forming a micro-cav ity in the eate insulation layer; and 

(4) forminf a catalyst laver on the cathode electrode within the 
micro-cavity: and erowinp carbon n anotubes on the catalyst layer by, 
chemical vapor deposition^ 

1 0004] In ord e r to optimize electron omissions, a ttiodc typo field 
emission device is used. U.S. Pat. Mo. 6,515,115 discloses a typi cal 
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H iu ' jui ^fj fi rm fevte€ ' L i,!, mn p rnll , include n n n th nrfr 

uU cUu du bovine u ir b on nanotubp u na y emitters., im au u d i electr ode wit h n 
phu u p hor screen, and u g a te Horn o de positional between the onth o rt e 
u lcotrodc and the anode ri nrt rodc to control ominuion of electrons from the 
t u tb u i i nanotubo q u ay emitters The u ui b on n n nmubi g ray s n n> m nnl ly 
ptu duccd using a chemical v n p o. d up osition procer% However, in practice , 
ther* are the following persi st problems in fabricating, carbon nanotube 
hased field emission display by chemical vapor deposition: 

1 in nrvter to achieve * uniform illum inance, a distance between Rate 
Hftttrnctot and ^rbon nanot u hes should be kept uniformly constant over . a 
large area. However, it is difficult to assure a desired uniformity of 
heights of th* carbon nan o tt.hes over a l ar ge, area bv chemical vapor 
deposition. 

2 in r,M»r tn lower a t hr^ hnld voltag* of the gate electrodes, the 
Stance, between the aate ele c trodes and the carbon nanptubes should be a s 
little possib^ However, it is difficult to precisely control a height of 
the carbon na"""ih es to a mi rm-scale level bv chemical vapor deposftjop. 

3 A rnrhon nanotub e *™ formed h Y chemical vapor deposition 
invariably contains a lav» r of randomly distributed carbon nanotubes, 
catajxsl oartirles and a t in y amount o f amorphous carbon, which impairs 
field emissi on performance of the carb on nanotube arrays and reduces the 
field emission displa y's product life cycle. 

gl IMMARV OF THE INVENTION 

[0005 1 In order to lowor the cmiooion turn on voltogo, a prooiooly 
bwtrollcd diotanca between the emitters and die gate electrode is required, 
Although the en rrmn r""" f " w nrrnv , 'rowth h i gher with loneor the 
r eaction timo. i t in vry ™"trol the grow t h h eight proci™iy 

Therefore the dntnn"" between thn o i -nittQra and the aato electrodes h s 
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Ji fl iuih to oont iu l um iu l j hy gr n vl h In ordrr to resolve, the 
^..mentioned B lQblgms a method jgcording to the present, invention 
for making a c?rhon nanotube h^d field emission display comprises the 

steps of; 

providing a detachable s ubstrate h™in P a plane surface'. 
P ) forming gate, gjgctfodgs in a B^detgrrrmied pattern on the plane surface 
of the deta chable substrates 

m forming; *m intermediate laver o n the gate electrodes; 

(4) forming a catalyst lay er on the intermediate layer; 

(5) tormina a spj£gr in a man n er corresponding to a predetermined pattern 
nn the laver nf>atalvst material: 

(6 ) forming carl™ nanotuhe arrays extendinft from the layer of catalyst 
material; 

(7^ tormina cathode electrod e nn first ends of the carbon nanotube arrays; 
and 

(R > removing rhr. detachable subjtratg, and removing portions of the 
intermediate l*ver correspon d ing to nositions of the carbon nanotube array s 
*n as to expo** onnosite second ends of the carbon nano tube arrays that 
face toward the pate electrodes. 

SUMMARY OF THE IIWEMTION 
[0006) Accordingly, an object nf the pres e nt me nt i o n io to provid n n 
method for making n aarben aeaetebe bon e d field emission display dovic o 
wherein a diatanoo between cmiooion tipo and gate clcotrodoG is prooioely 
ewtrollablo. These and oth er features, aspects and advantages of the 
invention will become more appare nt from the following detailed 
description, claims and the accompanying drawing in which: 
RR1EF DESCRIPTION OF THE DRAWINGS 
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[0007] to - order to achieve the objoot act above, ci method for making* 
u ub u u nonottihc l ajod fi «?ld w^i o n display devi uu in a u oidn n : v with n 
Hi UciT cd o mb ori im"n«- " f tftventieH comprises the following sto pi " 
p i oviding an iuaulativo layer having a fiml depe s femg u layer of 

uimlyct o n the firrr swfeee ■ i tow I n v n r forming o spa** having 

.t - uluiolity of opuningo therein suoh that patterned areas of thu lnyer - of 
wrtulynt arc exposed; forming array a of ombon nanotubc* extending from 
t he . layer of Bfttetyst in the openingo of t h e spacer} forming a catho d e 
itcctrodo on a t o p o f ror h nf thf nrrny" ^tVnrhnn nnnntuhon: fanning goto 
u l i ctrodoo on u second, opposite surface of the inoulativo teyef offset from 
the pattcrnod ai i an , lu n gi ng po rt io n - n f tho i n wlative layer cotte speadfee 
to tho arrays of carbon nanotubos go qs to onposo the aiToyo of carbon 
nun ul ub e b, and attaching nn anode el e ctrode having a phosphor screen - t o 
tho above ebtewed stfttetttfe 1 flatness nf tho firat aurfaoo of the inoulotivg 
l ayer i- kzz th n r 1 rr-"" rhnt thn nrTflVfl op carbon "anotuboci fi rown 
thorofrom ha v e a some flatness. A thickness of tho inoulativo layer can -b e 
con tr o ll ed thfeagh n ri^ np i tinn p™" nnn fin that Q diotoncc betwe e n the 
agf oyo of carbon nanotubos and tho gate olootrodco io oontrollable, 
ri c fcmbl}-, the thicl fn m " f fh " mstttetwe Invnr i n in tho raniio from 4- 
mierea to 1000 mtcrono FIG 1 is a schematic side elevation view of a 
detachable substrate used in a preferred method for making a field emission 
Field display in accordance with th e present invention; 
[0008] Other objeoto, advantages and novel f e aturoo of tho present 
invention will become more apparent from the following detailed 
description when taken in conjunct i on with tho accompanying drawings, in 
whiete FIG 2 is similar to FIG. 1 , but showing gate electrodes formed ona 
first protective layer of the detach able substrate: 
BRIEF DESCRIPTION Of THE DRAWINGS 

[000°] FIG. I to o flow chart of a method for malting a carbo n 
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h u h uL uuc baoad field u.n>in n di sp lay d u rico in nccordanoc wit 4*-a 
preferred cmbo.lim ' r i""nnfinn- FIG 3 lg Similar. FIG 2, but 

[0010] H€r^4»» .. c h t mut i c, aido Hr- vation view of n working plato 
fcw h . bu number of fa iuu "f- m nl l ^i-'n th nnw FIG 4 is similar to FIG, 3, 
h. t dWmp a second pr ntrrtivr hyrr formed on the intennediate layer; 
[00U j P4G 3 i3 a schematic, side Novation view of au insulutivo lo y w 
depeeU e d on the wefkfeg i .ln tr n f Fl fi H FIG § H similar to FIG 4, but 
Showing a cataly [flyer formed on the first protective layer; 
[00 12] KG <\ is o Gchomotia, aide c l w at i on view of a protective layef 

doit e d on th r. iiu i ulu l i In y n r nf F IG V FIG 6 is similar to FIG 5, but 

showing a s pacer forme d on the catalyst layer; 

[00 13] riG 5 is a schematic, sldo olovmi u n view of a layer of catalyst 

depuoUu d u u 11 k t ^ In yr n f FI G ^ FIG 7 is similnr to FIG 6, but 

showing carbon n anotubg arrays formed on the catalyst layer of FIG 6; 
ro 0l 4] FIG 6 ia a schematic, side elevation view of arrays of enrbw t 
u u uotuboo gro w n tt u m the ea t fttyet within n nli i n i li i j u f u o rfnrn tin n i n f n 
barrier formed * * the layer n f n utalyst of FIG. 5; FIG 8 is similar to FIG 7, 
hnt showing a i*y»r nf n eatly* feedback resistance formed on tops of the 
garfeoj nanotube arrays; 

[0015] FIG. 7 io a schematic, oido elevation view of a plurality of 
resistive neg a ti v e foodbook layers form e d on the corresponding arrays of 
carbon nnnntnlinnfF'^ ^ ftp. Q k similar to FIG 8 hut showing cathode 
electrodes formed on the l aver of negative feedback resistance; 
[0016] FIG 8 is a schematic, oido elevation view of a plurality ot 
cathode cl oct mrK fepmed m the eewespeB&ftg resistive negative fbcdbn c fr 
layors of FIG 1% Fir, 10 i§ similar to FIG 9, hit showing the cathoje 
electrodes packag ed with a cover; 
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[0017] PIC. 0 is a schematic, aido ri uv uii u n view n f a base coupled 
» 43 > the cathode n k Um d ci . an d the hairier of FIG. g» FIG ) I is similar to 
Fir ^ 10. but sh owin g the suba s ^tnhlv thereof inverted, with the detachable 
gobstratg a moved, and unwan ted r™* 8 ™* of the first protective layer and 
the interm ediate laver removcdl 

r 0 oi8] FIG. 10 io Q achomotioi aido elevation view u f u number n fcnT n 

c k c trodop form u d o n a w* J swfe e e o pp o s e m iiiu fiul surfac n f th e 

illative layer after removal of the weffemg plate of FIG FIG. 12 IS 
similar to F!<"> 1 1 hut showing unwanted p or tion s of the second protective 
layer removed: and 

[0019] PKI 1 1 io a ochematic, oidc elevation view of tho assembly of 
TIG 10 after r ei uo v infi portions of the insulation layer, the protect i v e I n y^ 
sad Hit lnyrr r f eatalystj FJG m« » similar to FIG 12, but showing the 
...hassemblv th*™f assembled wit h a displa y screen to obtain a field 
emission display. 

nP.TAlT.fiD DESCRIPTION OF THE PRESENT INVENTION 
[0020] FIG 12 is o ochomatic, oidc elevation viow of a carbon 
nanotubo basod fiold omission display dovioo made by adding a phosph o r 
screen to tho device of FIG. 1 1 ; and Reference will now be made to the 
drawings t» describe the preferred method of the present invention in 
detail, 

[0021] FIG 13 io a sohematio viow of a conventional • carbon nanotub e 
field emission device Referring to F IG 13. a field emission display 
produced by the preferred method of t he present invention comprises: 
cathode electrodes 17. an anode electrode ?-0. aate electrodes 19 arranged 
between the cathode electrodes 17 a nd the anode electrode 20, carbon 
nanotube arravs 1 5- and » spacer 14. A layer of negative feedbac k 
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gsisumss 16 is forr- ^ bgtwgsn first endg sOfae rarhon nanotube arrays_15 
tiiA .sthode electrodes, 17 Opposite second ends of the carbon 
M ^.,h. ^vs 15 Hush with rorr^p ondin r spds of the spacer U that 
, r - negresj fig gate electrod^ W.^rh^th ode ejectrodes , JT^re 
pflt-.kR ped with a botto m cover lft. 

detailed Dn f irnirT'^' ™ ; pnrrnmcD fm r opimemts - q ^phe 
m vc^moN 

[00 22] A pm lcrrcd m m h u d for m n l ri ng a omu on nnn n m b c booed fiel d 
u m ,, i ui. dfapl n y Ot .i tc in a rrn r c!n n r .L ,itl i tho h i v nnrini i wiH bo d em ih ed 
UIiu l u- i ll. ■■ ru. ..n t n FKT I M*m& to PTfi 1. a detachable substrate 
10 having a A-* ' nQt fe ied) is first provided Preferably, 3 

r ...^M*v of groove or apertorcs 101 js defined in the surfe of the 
detachable substrate 10, for Militating remoyi! of the detachable substrate 
■ ni l, later ste p Th. surface is preferably coatee) with a removabl e 
t ^i„i «nch as — thieve a variation in flatness of the surface 

of igss than It - The detachable substrate 10 is ^nerally made gf 
refractory, mate ri a] which is canable of resisting hi S h temperatures, A first 
Brotectiyj laver (not shown) is then tbrmed on the surface of the detachable 
enr^trate 10. The first protects * layer is for proter-tinr the gate electrodes 
17 fam bei n p nhstructed b y carhonaceous materials that are generally 
hy-products o f farmarinn of th e carhon nanotu be arrays 15 in a later step. 
Qeasralis th e fi«t protective [flyer com prises maferial selected from the 
prou p consist in p glass. sili ™n , silicon oxide, mica, and ceramic materiaj , 
ThP first protect?™ laver has a thickness in the ranpe from lOnm-lOfim. 
It should be ™t*d that form a tioji ojjhg first nroteetive layer is not an 
essential st e p in practici n p the present invention.. 

r 0 023] S top 1 is providing a working plu l u Tltio ia on opt ional ^e p-6* 
the purpose of conveniently uuiryimj, out the subsequent steps. The worl ci nf* 
p l ate can be n neftmetaWe ■ rial nr n mr-uiHio material that ia ouffioiently 
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H u m wublo to o t idu t L high t n m pn mturcG n t ^vhi r h uu bu u i i,int rh ihm n r * 
prnfi „ rrf1 Rgfggiag to Flfi. 2. the aate electrodes 1 9 agg formed on the first 
p^t^t.v. l»ver ^ * pretermitted nattcm. The gate electrodes 19 can b e 
fMmiPH hv e-b^m evaporation , dermal evaporatio n or sputtering each of 
the^ methods being Perform * ^ in cooperation with either a mask or 
ph^itho^raphv The -ate electrodes 19 can be mftde of metallic 
matgriaL The rnrtalijc, materi a is preferably capable of withstanding 
t.m pp.mture S pf_about 70u«C. a*H preferably has a coefficient of thermal 
„v p g n fl inn com p el* with those of the first protective layer, an 
intermediate lay"- 1 1 [see FIG. 2 1 * BgSflpd protective layer I?, (see FIG 4) , 
and t he spacer 14. 

[0024] Stop 3 io forming an insulntive 4u yor on the working plate. The 
i nj ulotivc lay e r in mH° of-w tttefewe notarial ouch as silicon oxide, an d ha s 
a- predotorminod thicknoGa. In order to for m carbon nanotubes from a 
common surfa c e, a first s u rface of the inoulotiv o layer should bo smoot h 
and flat. Prcf c r nr- ly. a vaRa&efl m-ltefteaa of the firot nurfoco is loaa than I 
Rpferrin p to FIG 3. the intermediate layer 1 1 is formed on the Rate 
el ectrodes 1Q by coating or printing. The intermediate layer 11 may . 
alternatively substitute d hv a thin plate. The intermediate layer \ 1 is 
for controlling a distance between the ^rh™ nanotuhe arrays IS and the 
p , *te electrode 19. and is also used as a 8 f h»tr*te for growing of the carhop 
nanotube arrays l S in the l ater step. A thickness of the intermediate layer 
1 1 is in the r an pe from Im p to IQOOum. and preferably in the range from 
IQum to ? 00 um. A variation in fl a tness of the intermediate layer \\ is 
preferably controlled to be less than lu m. The intermediate layer 11 is 
generally made of material which is capable of being processed by 
photolithog ra phy and endurine temper a tures of about 700 o C. Accordingly, 
the intermediate layer 1 1 generall y comprises material selected from the 
prou p cons istin g of glas s, silicon, sili con oxide, mica, and ceramic material , . , 
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[00 25] Step^-i s d tpub i l i ii tt a te a . i n f nn r n lyl un t h e fl i st o n rf nr r- o f rf» 
whul utiy c layer. O u mmM y , thn eete t ys t L , u u a ivrir in n metal ouch nr -fe 
(4 t ui Q, Co ( C jl i nlt), W fMirkfll^. or an al l oy thoroof. A thickness of the 

lu; u u f cat nl r t ■ " i " T '■ l»™ " l 0 nm » aud M '^ r r rthl >' in Th fl 

Kwge fiu m 3 nm in r n M«f the u r mml, »i h nrrfr rn h ly n n i w led 
at a la m pom t Mrr uf 7 P " '■ [ "» "™ ^me * «c fr™"P to FIG 4, preferably, 
, sesoncj protec tive l.ver 12 is deposited o n the intermediate layer 11 b Y 
».h^m gygEoatig q Q£ mmnm The second protective layer 12 is for 
BralgctiDB ^rb on n.nnmbe array s 1 5 from be ing damaged or destroyed 
djirja g a ljter step of. wgt Sigfajn g P^femblv. the sr-cond protective layer 
1 7 jg made of «lir.nn. Alter n atively, the second protective layer 12 can be 
m fl Hp of another suitable mate rial which is capable of withstanding a wet 
-trhin p oroces *, ™d vet whi c h k removable bv a dry etching process. 
Thft second protective laver I? is as thiii as possible, and preferably in the 
r,n p e from 1 On™ m 1 f ,m. It sh o uld QfiSSd ^1 Henosition of the second 
prntftctive lav ar 12 is " o t an SSSSPM in Practicing the present 
invention. 

[0026] Stop 1 is forming a barrier on the layer of ■ ottiolyot. The borr** 
h as, a prodot u uuined heig ht uooording to n hoight of carbon nonotutx* 
l*oduocd in tlw followinfi otep. The height of the barrier to generally in tho 
i a n £ o from 1 mirrnn to inrm mimrw n n ri uicferoblv in the range from 10 
w c rono to 500 mioronn. Thr. barrier htm a plurality of perforations (not 
labeled) so as to define a plurality of pixel areas within which ca r bon 
nonotubos can jubaequo n tly bo grown. The material of the barrier should bo 
a - heat stable material that can endure the high tomp m aturos ot which 
uubon noitot u b o i grew *" nh BHtteriftl con he heatproof nlaao. metal ooeted 
with inau l ativo moterial, nilicon, □ilic o n oxide, ceramic material, or mica 
Referring to FIQ 5. a catal y st laver 13 is deposited on the second protecti ve 
laver 12 by e-beam ev a poration, th e rmal evaporation or sputtering. The 
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rntn)r , 1 ^ □ can gene rally. h » -™- coba " nirkel nr anY sultable 

ggm bination allo y, * Th ^ ne » s of the C * Tn ' V ° T 13 is m ^ 

ran gg from Itiro mnm. and orefrrHhly about 5nm. 

[0()27 | fat -p 5 jfl arcwiug arrays o f n m bu u nanomb c" , f i wi the ccitn l yit 

Tj iti "i, t i h c p h m iiij „r r ^^" h n rrh ' f ^' ttold , :h n mi ™* 

v a pu i J uju- i imii p m f nn n f o r gFewHig au aj j u f unilinn n n n o tubop Inoln rl i™ 
hea^ t ui bmi co nt ai ning gas, cu n h n a ul i> l t u u u i nrr tyl n nn. t n-- » 
UA i titiuii ii u o f nnn i i t m i egfee tare wj the n nrh o n containinc g n r t o 
ft-w B c ii u n ic B ion huvi n g catnlyrt pattern, and producing orroyr n f rn rh o n 
Huii u mbL, u n the w Uttl ^ L Tho mn rt i u n L. stopp rtl «*«R tho nrr n yi n f 
au tb un . taa o t u b n lin 1 1 i" r1 e*e«*fcd the height of t h e h n rrif 
R-ferrina to FTP * the spacer U having a etedelgrmined pattern j S formed 
^ ^ alvst laver " Ky coating or nrintinp. The spacer 14 is for 
; T .,i a tm P the M tA Erodes 19 frnm the cathode el^trodes 17, and for 
^fininp s naces Mi for growing the carbo n nanomhe arrays j£ The 
.p^ r 1 4 mav alte>™tlvelv he subs tituted bv a thin plate. A surface of the 
thin plate which 8« «tt a rh e d to the catalyst layer H preferably has a 
u n n a t| on in flatn e ^ I«« than lpm. A thickness of the spacer 14 js 
^latgd ^ and det ained bv hei ghts of the carb on nanotube arrays 15. 
rurally, the thj gj gigss of the soaker 14 is in the ranpe from )um to lmQL 
and preferably, in the ~n pe from lOum to 500^ The spacer 14 is made 
of materiaj whi^ is capable o f enduring temperatures of about 7QQ°C 
A^ordinslv. the spacer 14 gene rally comprises material selected from t he 
fn-n.i p consisting of Slags, metal coated insulating material, silicon oxid e, 
p jica and ^ramic material. [0028] St e p 6 in formine o cathode 
e l ectrode on Q t u p of onch o f the arrays of carbon nanotubos. Gonomlly, thft 
running o f ooTh nrl - rieetredes empteyfl a ooatinfl Dro i ts or chemical 
d ep osition of metallic materiel Referring to FIG 7 , the carbon qmwtubq 
a jrays IS are formed in the s paces 141 defined by the spacer 14 by 
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ganotobe grra vs 15 M M £2 be appro ximately equal to th e 

ihickness o f the spacer 14. 

{ q 02 0] Step 7 in forming u bum n n d r n m o ^ i ifc th e w o rk i ng ph*^ ** 

U. t L nude »ri int m W nn r h nn gtess, pte stn , n r ww ffiie 

m ai m iul. Thr hn m ha I tww nm.fi r in n rn rnnlwa t muuy wit h n n m .rof 

e quation of the uiQ i uu i c lrrt r nriu., oiid t in In rriw se U i u i the ba se n n 

U .m i l l e d t hr rrm i B d* wud uiu i i. l s ■■ nnd ii nf nn p n t 

the i. ., iHmi u In y r r r un w ed. Prfrrrin p to FIG 8, the layer of negative 
fabric resistan ce, ) « i« than formed for the purposes of associated dnv.n fi 
,^,,it. The layjr of negaj lvg feedback cesistarjee In is generally 
H^i,^ on the e g*™ -nntnh* armvs 15 by .-beam evaporation, thermal 
^ portion or cp mwinB. The i«y*r nf negative feedback resistance 16 
mn he mad e of silicon or an oxide o f silicon, 

[0030] Glup 8 W forming au iu e tee tt ed es o u U iu u pum ri w rnnri nn rft r w 
o f the inaulativ u layer acc o r di ng Lu tho P i3ccl n r oni Referring to FIG 9, the 
..thnHe electro d " 17 formed on the layer of native feedback 
16. ti,. ^thnde electrodes 17 can be formed by e-beam 
^ poration. thg jrnaj eva poration or snnttering. The cathode electrodes 17 
n.n he made pf metajljc material A coefficient o f thermal expansion of 
the metallic m atgrifll is preferably compatible with those of the first 
protective lav ", the intermedi n l»v«r 11. the Krrond protective layer 12, 
the spacer 14, and the hottom cover 18, 

[00 3 !j stu p 9 is removing poUiono of tho hiailativo l n ypr 
corresponding tu tho ph f M areas no ^ to expose the arrays of oorbon 
n aH o iub u b. Cl uLt i cii T i p m itri mj fiom tho ti r rnya of nanotubes con thoroby 
pa~ out frum the ftgaefflbfr * fi i rthnr l ocommondcd jtcp ia to treat the 
c jcp o - cd " u rftnn nf the nf nn rh n n nwicitubca s v ith a laser to clean th* 
aurfaccj and impr""" t) ithrmitv of electron cmiosionp therefrom 
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„:i Tin r pa ,0. ,hc ^a^m iM a ^ ' 7 as ^ ^ *™ 

U^jj imini , Q.-i"P " n "li f "» mrthod - The lM " 1Qm 

r ) s ™ n be made gfalasL ntoir of <-*r*ni<; miaiiL 

Miaul,).! f Thr "r r--"" and i "'^ " 11 ^ laver " ** 

1 hv . wet etchinr IMCW- Sairl pnrtinn. mn-spond to P°?"<™ 

nf the carhnn nanotuh '* arrays 1 5. 

[0O 33] U e s t o b o und n mt uu J U i u l the Pitpniui l **** . , o f t hn n rr n yj- n f 
€arije ^ t ^^ as the firnt h , e o f t he i nmht,ve 

w , fimhar. th n t n a ^tane e betw ee n tfwv ^-yi^ f cuibu i. laDDiu hr- 
the^ at e e 4ee^4 e s « de *e« m«*d by a U ri^ Hi ^ t ive toy* 
bcui iu c nthio i m n ^ < **h e l.ijn. n f n ffitf ji A L ... J i gihlr r- m i iparod wit h t h a t 

ef dm iimulcrtive ^ Am lin tfy - > ud JL uuiu 1 ■ » ir riy rn n tm H nbto 

AHW g h- ,u l l u l u iU i, » nrihi .K i m -iTin n n f ih t H watet ive teye* EsfemagJfi 
FLQ 17. portions ofjhfi afififiPij protective layer 1? are removed by a dry 
gShjpg nrncess. gyjrf pc^te correspond to the positions of the carbon 
aaaatubc arrays l < 6 liffl h rolled to remove corresponding port.ons 

ofthg catate to 11 " ™* ef to ^BS§g the ™ COnd P " ds ° fthe CarbQ " 

n ^ n to the sah ■ Ipr-frnrtr- 10 Preferably the laser is also 

.p pK«H to the — ^ of the carbon napotube arrays 1 S themselves, to 
gajd second ends. 

[0034] RefemRg to FIGS. 2 Hi gh 1? . ^ '-' r l li r P r p frrref 1 

u i ut h u d in dn -r ribul m i i i ur deta ile d betew- Feferrinp to FIG 1 3, a display 
screen is provided Th* djsplay s gggr, comprises a glass whrtrate 2 1 with 
the .node gje cttpde 20 former 1 thereojL ohosnhor layers 22 formed QD 
>k, .node elect ^ - ™ The disohv screen is attached to the subassembly 
obtained in step 12. 



Camel* or 55 



PAGE 16/18 * RCVD AT 1/412006 10:41:39 PM [Eastern Standard Time] ' SVR:USPTO-EFXRF-6/24 ' DNIS:2738300 * CSlD:408 919 8353 * DURATION (mm-ss):0740 



JAN-04-200S 20: 10 FOXCONN 408 919 8353 P. 17 



Appl. No. 10/81 1. 4 M 
Amdt Dated January 4. 2006 



Amau uBieu i 

^^ to^utc 20, Bw- rtie ^ - wWe l u,u M H S"> » >* r 

..,.y un n n, .. --t ■■--T r-- J » " l ' -''' a al1 '" flw " 7 ° f 

^ n ,^, N i ... i i™ « "" ■ s itit8B r" 

Sc„o . uU y i ,nl.n. ™ g o < , U i n I ...1 m nO m ir m i V >uhrM yn** 

inneo from 10 u l i ui cn n T n 200 ro i srom 

^ toWunH u H O l. n ^ uu m h W LI i .. . H ii.niitrJ n n t he 

5ife e ^.a , te n » 8 3 T1 ..I I II 1 W r t » I u .n-lu " f ""' h "* ™ " 

u^hut W W W n hi n B U..J u W W » * » 1 « 

BOHS U tfu. ing l u n r. -i, . toy U P , otnl y-t M u J upu tW ' 

L' lu .^ Bum 1- * I""". ■ * rrn t> i m >. * ,» X ™ ' — »« 11 
made u f Til, Cm Hi, n r m ulloy thoro n f 

MOJO] lu Ti n t, ■ Imm n, M « li » ■ r lM ml i tv o f 

p ^ o mum u tnu i M 1 " "1 "» ""' "' " l " T " 1 "' 10 t "" " n **" 

J> , h p er °f n n m M « " " ' ll' Tfrn tin n-^- l™ " " 28 ■ » m nrt ^ f 

. . ^to li.u 1.1 , n n rt h n „ n pr^ u.,„, u ,Lj l n .i it .li' I V' » »» ' 

.rere ^ 3 00 uu Liua i. Th i - rn rh^wtub o urmj^JO - o p roduce d hy » 
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ch e mi c al v a por rlrr"" : * : ™ r rr,pnnr nn fi ^ieht^ of th u arrays 30 are 
ap p roximately equal to a hoifeht of thn barrior 28v 

[ 0 0 10 ] Referring to FIG 7, a negative u xdbnclc layer 32 ts formed on o 

top of ea c h of the earben ftftftetebe ni-nvr \(k so that tho carbon nunotube 
auaya 30 electrically contact the nogative fcodbaolc lay u i/32. The negative 
feedback layers 32 are made of a materia) having a suitable res i stance, ouch 
an silicon or alloys. 

[0011] P - e i f r rrinc Tr c "~ g a saihede alaotrodo - 34 is formed on eaeh 
negative feedback layer 32. The cathode electrodes 34 are made of metallic 
matorial having a heat expansion coemgionl compati b l e with that of the 
aogative feedback laycra 32. 

[0042] Referring to TIG 0, a base 36 id formed on tho cathode 

el ectrodes 3 4 . Tho base 36 io made of inaulativa material, such as g tes s; 
plaptic or ou i omio material. Tho base 36 hats an inner configuration 
compl e m e nt a ry with nn mif" eenfigntatiea nf the oothodo clootrod e s 31 
an d ' tho barrior 28, no that tho base 36 can bo coupled ther e to. 

{0043] Referring to TIG 10, the working plate 20 ts romoved to expose 

a pocond surface of tho silicon oitido loyor 22. Gato electrodes 10 are then 
deposited on the oocond surface offset from tho pooitiono of tho carbon 
a anotubo orroya 30. 

[00i1] Referring to FIG 11. portions of tho silicon QKido layer 22 and 

the protootivc layor 24 arc roroovod by a wet etching proepaa and a dry 
etching process roapootivoly. Consequentlyi tho oorbon nanotubo arrays 30 
are . exposed. Furthermore, if considered noooooary, the carbon nonotube 
array: 30 arc enpp;?'?'! trt Wnr iffadtaften in order to clean tho surfaooo 
thoroof. 

{0045} Referring to FIG 12, on anode o l octrodo 50 having a phosphor 

layer 52 io packaged onto th e assembly, thereby prov i ding the assembled 

Pagu Put:. 4 
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